Impaired insulin-stimulated peripheral glucose uptake represents an early metabolic defect in the development of Type II ( non-insulin-dependent) diabetes mellitus [1, 2] and results primarily from impaired non-oxidative glucose metabolism, i. e. glycogen synthesis in skeletal muscle [1, 3] . The impairment in insulin-stimulated glycogen synthesis has been associated with impaired activation of glycogen synthase [4±6]. Deterioration in insulin-stimulated glycogen synthase activity has been consistently shown in normoglycaemic first-degree relatives of patients with Type II diabetes [4, 5] and in cultured fibroblasts [7] and myoblasts [8] from patients with Type II diabetes suggesting that impaired glycogen synthase activity in the skeletal Diabetologia (1999) 
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muscle could be an inherited defect in patients with Type II diabetes. Furthermore, exercise restored glucose transport into the cell in insulin-resistant subjects to normal without overcoming the defect in glycogen synthesis [9] . Increased glycogen synthase activity in the skeletal muscle of transgenic mice overexpressing this synthase led to an increase in muscle glycogen accumulation without any change in glucose transport [10] , which supports an active role for it in determining glycogen accumulation. On the basis of these data, the muscle glycogen synthase gene (GYS1) has been considered an important candidate gene for inherited skeletal muscle insulin resistance. In support of this hypothesis, an association between markers in GYS1 on chromosome 19q13.3 [11] and Type II diabetes has been described in Finnish, French, Japanese and Pima Indian populations [12±16] . The Finnish Type II diabetic patients with the A2 allele of the XbaI polymorphism in intron 14 of the GYS1 were more insulin resistant and had high blood pressure when compared with patients with two A1 alleles [12] . Furthermore, in non-diabetic subjects, this polymorphism was associated with hypertension in subjects with a family history of Type II diabetes [17] . Several studies have, however failed to replicate these findings [18±20]. Population-based association studies are prone to bias due to selection of genetically different control groups [21, 22] . Subjects in casecontrol studies can also vary considerably in other susceptibility genes and risk factors. Therefore, intra-family association studies like the transmission disequilibrium test (TDT) have been proposed to circumvent the problem [22] . The TDT requires access to DNA from parents, which is not always possible for late-onset diseases like Type II diabetes and hypertension. An alternative powerful approach is to compare phenotypic variables between siblings discordant for a genetic variant [23] . This approach was successfully used to identify an association between a Trp64Arg variant in the b3-adrenergic receptor gene and features of the insulin resistance syndrome and obesity [24, 25] . Siblings share about 50 % of their genetic background as well as the common familial environment which possibly allows the detection of minor differences. We therefore tested the hypothesis put forward in the association studies, that the XbaI polymorphism is associated with features of the metabolic syndrome [26] in a paired-sibling analysis comprising 122 sib-pairs from a new family collection in Finland.
Materials and methods
Subjects. Siblings for the genotype-discordant sib-pair association study and the Type II diabetic patients for the case-control association study were identified from a sample of 743 subjects (323 men, 420 women) from 227 families belonging to the Botnia-II study of Type II diabetes families in Finland. Families with at least two subjects with Type II diabetes from 10 centres around Finland were invited to participate during 1995±1997. The Botnia-II family cohort was an extension of the earlier Botnia-I family cohort in western Finland with the aim of identifying genes that increase susceptibility to Type II diabetes [27] . The 743 subjects were chosen for genotyping of the XbaI polymorphism in the GYS1 gene from the whole Botnia-II Type II diabetes family cohort (1797 subjects from 345 families). To be included in genotyping a subject had to have at least one sibling of similar sex with available DNA. Siblings with a diagnosis of Type I (insulin-dependent) diabetes mellitus or aged under 30 years were excluded.
In total, 122 sib-pairs matched for sex who were discordant for the XbaI polymorphism were identified including 177 unique subjects [93 subjects with the A2 variant (genotypes A1A2 and A2A2) and 84 with the A1 variant (genotype A1A1) from 58 sibships (55 families)]. Clinical characteristics of the 177 subjects are shown in ). One diabetic patient per family was randomly chosen among 743 siblings from 216 families with diabetic siblings. The 115 spouses represent all the spouses from the Botnia-II cohort that were older than 40 years, had normal glucose tolerance and did not have a family history of diabetes. There were 45 Type II diabetic patients (15 men and 30 women) included in both the genotype discordant sib-pair and the case-control association studies. All participants gave informed consent and the study was approved by the local ethics committees.
Phenotypic characterisation of the subjects. All laboratory specimens were taken after a 12±h overnight fast. Glucose tolerance was assessed by a 75-g oral glucose test. Type II diabetes and impaired glucose tolerance (IGT) were diagnosed according to the 1985 World Health Organization (WHO) criteria [28] . Hypertension was defined as blood pressure above 160/90 mmHg or known treatment for hypertension or both. Blood pressure was measured with a sphygmomanometer with the subject in the sitting position after a rest for 15 min and the values are given as the average of two measurements within 10 min. Waist was measured with a soft tape midway between the lowest rib and the iliac crest and the hip circumference at the widest part of the gluteal region. Patients were considered to have the metabolic syndrome if they had diabetes or IGT and fulfilled at least two of the following criteria: (1) waist to hip ratio more than 0.85 for women and more than 0.90 for men or BMI more than 30 kg/m 2 or both, (2) serum triglyceride concentration more than 1.7 mmol/l or HDL cholesterol concentration less than 1.0 mmol/l for women and less than 0.9 mmol/l for men, (3) hypertension (as defined above) or (4) microalbuminuria defined as more than 20 mg/min in an overnight urine collection [29] . Information about a history of stroke and myocardial infarction was obtained from a questionnaire filled in together with a trained nurse. Stroke included both ischaemic and haemorrhagic events requiring admission to hospital. Similarly, diagnosis of myocardial infarction was always established in the hospital.
Assays. Serum-free insulin concentrations, plasma glucose, serum HDL-cholesterol and triglycerides were measured as described earlier [27] . Urine albumin concentration was deter-mined with radioimmunoassay with a detection limit of 2 mg/l and an interassay coefficient of variation of 5 %. The homeostasis model assessment (HOMA) index (fasting serum insulin times fasting plasma glucose divided by 22.5) was used to estimate the degree of insulin resistance [30] .
Genotyping. The XbaI polymorphism in intron 14 of the GYS1 gene was genotyped using the earlier described PCR method [17] . The 579 bp amplification product was digested with XbaI restriction enzyme (Amersham, Pharmacia Biotech, Solna, Sweden) according to manufacturers' instructions and the digestion products were separated on an agarose gel. The wildtype allele (allele A1) is not digested whereas the A2 allele is seen as two bands of 483 bp and 96 bp. Samples with one or two A2 alleles were analysed twice to exclude genotyping errors. The definitions ªA1 variantº (genotype A1A1) and ªA2 variantº (genotypes A1A2 and A2A2) are used throughout the text.
Sequencing analysis of intron 14 of the GYS1 gene. The genomic fragment containing the whole intron 14 (690 bp) of the GYS1 was amplified using oligonucleotide primers in exons 14 and 15. This DNA fragment was isolated from an agarose gel, column purified and sequenced bidirectionally using Thermo Sequenase dye termination cycle sequencing pre mix kit (Amersham) and automated sequencing analysis (ABI, model 373; Perkin Elmer, La Jolla, Calif., USA). Sequencing analysis of intron 14 was done in 6 subjects, two of each genotype (A1A1, A1A2, A2A2). The intron 14 sequences were further analysed using a MatInspector V2.2 program for identification of potential sequence motifs [31] .
Statistical analyses. Values are given as means standard deviation. The significance of differences between the clinical characteristics were tested by Student's t test or by the Mann-Whitney test statistics if the variable was not normally distributed.
Frequency differences were tested by Pearson chi-square test. Since our previous association studies have indicated that the XbaI polymorphism in the GYS1 gene identifies a subgroup of patients with Type II diabetes characterised by a strong family history of Type II diabetes, a high prevalence of hypertension and insulin resistance, we hypothesised that the phenotypic differences between the sib-pairs discordant for this polymorphism, would differ significantly from zero. Because 51 siblings were shared by more than one pair creating a non-independence between the pairs, the following two statistical methods were used to compute the differences between the sibpairs: (1) McNemar test of symmetry for paired replicates for 65 randomly chosen pairs (one pair of each sex per sibship from the 122 pairs was chosen using a randomisation program) to test differences in categorical variables of the metabolic syndrome, in macrovascular complications or in medication. If McNemar expected frequency was less than 5, a binomial test was used instead and the probability was estimated using a two-tailed test [32] ; (2) The differences in continuous variables between the siblings were estimated using a permutation test for paired replicates [33] . The permutation test does not make any assumptions about the normality, homogeneity of the variance or the precise form of the underlying distribution. In the permutation test for 122 pairs there are 2 122 equally likely outcomes for each variable under the assumption of no difference between the paired siblings. Because of computational limitations, the two-tailed p values were estimated using a very large (10 7 ) random sample from all the possible permutations. If the observed sum of differences (OSD) entered into the 5 % region of rejection, the difference between pairs was considered significant. The differences in phenotypic values were computed as the value in the sibling with the A2 variant minus the value in the sibling with the A1 variant. For all the analyses except for the permutation test, the BMDP Statistical Software version 1.12 (Los Angeles, Calif.,USA) was used. The simulation Data is given as means ± standard deviation or as percentage and is compared between subjects with the A1 variant vs those with the A2 variant. Definitions of the different characteristics of the metabolic syndrome and of the metabolic syndrome are described under methods. Information about albumin excreation rate was available only for 122 subjects (42 men and 80 women 60 with the A1 variant and 62 with the A2 variant) and the given percentage is calculated from these subjects. Frequency of insulin treatment is calculated from diabetic patients only program for the permutation test was based on a program described previously [33] and modified by T. Kanninen. All statistical tests were two-sided and a p value less than 0.05 was considered statistically significant.
Results
Clinical characteristics of Type II diabetic patients in the case-control association study. Allele frequencies differed between 216 randomly chosen unrelated Type II diabetic patients and 115 unrelated healthy control spouses without a family history of Type II diabetes (12.7 vs 6.5 %, p = 0.013). Genotype frequencies were in the Hardy-Weinberg equilibrium and differed significantly between Type II diabetic patients and healthy control spouses (75.9 %, 22.7 % and 1.4 % vs 87.0 %, 13.0 % and 0 %, p = 0.042). Type II diabetic patients with the A2 variant had lower HDL-cholesterol concentrations (p = 0.035) and higher HOMA estimates of insulin resistance (p = 0.0023) than patients with the A1 variant ( Table 2 ). In addition, they were more often treated with insulin (p = 0.011). Male patients with the A2 variant had higher BMI (30.7 3.6 vs 28.4 4.2 kg/ m 2 , p = 0.019), higher frequency of anti-hypertensive medication (70.8 vs 42.0 %, p = 0.015), and they reported more often a history of myocardial infarction (37.5 vs 13.2 %, p = 0.010) than male patients with the A1 variant. No difference was seen between control subjects with (n = 15) and without (n = 100) the A2 variant of the XbaI polymorphism with respect to these variables.
Clinical characteristics of subjects in the genotype discordant sibling analysis. Altogether 175 subjects out of the 743 siblings screened for the GYS1 XbaI polymorphism were found to be carriers of the A2 variant (23.6 %). The A2 allele frequency was similar between men and women (12.1 % and 11.9 %) and did not statistically significantly differ between siblings with normal (11.5 %), impaired (13.0 %) or diabetic (12.0 %) glucose tolerance. In total 93 subjects (29 men and 64 women) carrying the A2 allele had at least one sibling of the same sex who was discordant for the XbaI polymorphism yielding a total of 122 discordant sibling pairs (38 male and 84 female pairs, 59 men and 118 women). Only two subjects were homozygous for the XbaI polymorphism. Table 1 illustrates the clinical characteristics of the 177 subjects according to presence or absence of the A2 variant. Subjects with the A2 variant had more hypertension (p = 0.042) and were more often treated with anti-hypertensive drugs (p = 0.013) than subjects with the A1 variant. These differences were particularly pronounced among the male subjects with the A2 variant (p = 0.018 and p = 0.013) ( Table 1 ). The male siblings with the A2 variant reported more often a history of myocardial infarction compared with siblings with the A1 variant (p = 0.016). Diabetic male patients with the A2 variant were also significantly more often treated with insulin compared with men with the A1 variant (p = 0.017).
Differences between siblings discordant for the XbaI polymorphism. In contrast to the presentation above, which compared means between groups of siblings with or without the A2 variant of the XbaI polymorphism, we here present differences between individual sibling pairs discordant for the XbaI polymor- Data is given as means ± standard deviation or as percentage.
Definitions of the different characteristics of the metabolic syndrome and of the metabolic syndrome are described under methods. Fasting insulin in Type II diabetic patients without insulin treatment was 11.0 ± 6.3 mU/l (A1 variant) and 13.8 mU/l (A2 variant) (p = 0.15). HOMA-index in Type II diabetic patients without insulin treatment was 4.6 ± 3.2 (A1 variant) and 5.8 ± 4.0 (A2 variant) (p = 0.12). Information about the albumin excreation rate was available only for 158 Type II diabetic patients (119 with the A1 and 39 with the A2 variant) and the given percentages are calculated from these subjects phism. Within each sib-pair the siblings having the A2 variant had more hypertension (p = 0.0067), obesity (p = 0.033) and microalbuminuria (p = 0.031), (Table 3). The difference in occurrence of hypertension was particularly seen between male sib-pairs (p = 0.011), whereas obesity was more common in female siblings with the A2 variant (p = 0.033) ( Table 3 ). The siblings with the A2 variant were more often treated with insulin (p = 0.050) or anti-hypertensive medication (p = 0.0060) or both (Table 3) . Phenotypic differences within the sib-pairs were further specified by permutation test; among the 122 sib-pairs, siblings carrying the A2 variant had higher triglycerides (p = 0.028) ( Table 4 ). This was particularly seen among female sib-pairs (OSD 26.7 mmol/l, p = 0.017) and within the sib-pairs with Type II diabetes (p = 0.023) ( Table 4 ). The diabetic siblings with the A2 variant also had lower HDL-cholesterol concentrations (p = 0.0059) and an earlier age at onset of diabetes (p = 0.022) than the diabetic A1 variant carriers ( Table 4 ). The siblings with the A2 variant had higher fasting serum insulin values (p = 0.018). The lower fasting blood glucose concentrations (p = 0.044) in the diabetic siblings with the A2 compared with the A1 variant is most likely explained by more frequent insulin therapy. Male siblings with the A2 variant had higher systolic (OSD 401.0 mmHg, p = 0.010) and diastolic (OSD 260.5 mmHg, p = 0.022) blood pressure compared with their sibpairs with the A1 variant. This difference was seen despite the A2 carriers having had more antihypertensive treatment. Systolic and particularly diastolic blood pressure values were also higher among nondiabetic siblings carrying the A2 variant (p = 0.067 and p = 0.0014, respectively) compared with non-diabetic siblings with the A1 variant (Table 4) .
Sequencing analysis of intron 14 of the GYS1 gene.
Sequencing the whole intron 14, which contains the polymorphic XbaI site did not show any further sequence variations in diabetic subjects with one or more A2 alleles. Neither did the MatInspector V2.2 program detect any changes in potential regulatory motifs between the intron 14 sequence from patients with or without the A2 variant.
Discussion
This study using a paired-sibling-approach confirmed our previous findings of an association between the XbaI polymorphism and features of the metabolic syndrome in a population-based study [12, 17] . These features included obesity, hypertension, hypertriglyceridaemia, low HDL cholesterol concentrations and microalbuminuria. Importantly, as the metabolic syndrome has been considered a risk factor for cardiovascular disease, men with the A2 variant reported a higher frequency of myocardial infarction than males with the A1 variant both in the case-control and in the genotype-discordant sibling analysis. The metabolic syndrome [26] and its components including hypertension have been shown to predict and precede Type II diabetes. In support of this view, diabetic siblings with the A2 variant had an earlier onset of diabetes than diabetic siblings with the A1 variant. Although the frequency of the A2 allele was higher among Type II diabetic patients than among the con- Age is means ± standard deviation. Only the n (%) of pairs discordant for the particular phenotype or treatment are shown. The A1 variant column shows the n (%) of pairs where the sibling with the A1 variant has the phenotype or treatment in question whereas the paired sibling with the A2 variant does not and the A2 variant column shows the opposite situation.
Sixty-five randomly chosen pairs from 65 sibships were analysed pairwise by McNemar test. When the McNemar frequency was less than 5, p values were calculated by a binomial test.
Definitions of the different characteristics of the metabolic syndrome and of the metabolic syndrome are described under methods trol subjects, siblings with the A2 variant did not have a higher frequency of diabetes than siblings with the A1 variant. It should, however, be kept in mind that diabetes is not the ultimate end-point of the metabolic syndrome. For the manifestation of diabetes, impaired beta-cell function is also required. The metabolic syndrome is possibly a stronger predictor of cardiovascular disease than of diabetes. Some of the features of the metabolic syndrome are gender-specific, i. e. waist-to-hip ratio, HDL-cholesterol and triglycerides. In addition, the prevalence of myocardial infarction differs considerably between men and women. Genetic influences may therefore differ between the sexes, which has been shown for, e. g. the b 3 -adrenergic receptor gene [24] . We therefore considered it important to analyse data separately for men and women. Since we have tested the influence of the A2 allele of the XbaI polymorphism on several features of the metabolic syndrome, one could argue that we should adjust for multiple comparisons. Most of the features of the metabolic syndrome are strongly interrelated and under such circumstances an adjustment for multiple comparisons would be overly conservative.
Although several authors have reported an association between polymorphisms in the GYS1 gene and Type II diabetes [12±16], a number of negative studies have been published [18±20]. These discrepant results highlight the problems with populationbased association studies. Differences in the genetic background (other than the GYS1 gene) between patients and control subjects can contribute to a false positive or negative result.
How would the XbaI polymorphism confer increased susceptibility to the metabolic syndrome or Type II diabetes or both? Mutation screening and in vitro studies have not been able to identify common pathogenic mutations in the coding regions of GYS1 [15, 16, 19, 34] . The XbaI polymorphism does not seem to create or remove any regulatory sequence motif in intron 14, indicating that the polymorphism by itself is not a functional variant. Earlier studies have indicated that the basal expression of GYS1 mRNA is either normal [15, 35] or decreased [36] in patients with Type II diabetes whereas protein levels have been reported to be either normal [36] , decreased [15] or increased [35] . The regulation of GYS1 expression is not well understood and it is possible that quantitative differences in different studies could be because patients were studied at different metabolic stages.
It is thus more likely that the XbaI polymorphism is in linkage disequilibrium with another gene in the region. Support for this view comes from a French study showing a statistically significant association between the XbaI polymorphism and Type II diabetes [13] . The A2 variant was, however, decreased and not increased in the French diabetic patients, which is compatible with the concept of linkage disequilibrium and further challenges the XbaI polymorphism itself as the cause of these associations. More than 30 genes have been mapped to the 19q13.3 region [37, 38] , including genes for vasodilator stimulated phosphoprotein (VASP), protein phosphatase 5 catalytic subunit (PPP5C), dystrophia myotonica associated homeodomain protein (DMAHP), calmodulin 3 (CALM3), histidine rich calcium binding protein (HRC) and two Shaker related potassium voltage gated channels (KCNA7 and KCNC3). The KCNA7 gene was recently located between GYS1 and HRC, within 50 kb from GYS1 [39] . In addition, we have recently found an association between the hormone Observed sum of differences is the sum of differences calculated as the value in sibling with the A2 variant minus the value in sibling with the A1 variant. Two-tailed p values were estimated from a large random sample (10sensitive lipase gene (HSL) and Type II diabetes and abdominal obesity in population association and intra-family association studies [40] . HSL is located on chromosome 19q13.2, about 10 Mb centromeric to GYS1 and can thus hardly be responsible for the findings of the present study.
In conclusion, a paired-sibling design was used to study the phenotype associated with the A2 variant of the GYS1 XbaI polymorphism in families with Type II diabetes. In non-diabetic siblings the presence of the A2 variant was associated with high blood pressure and in patients with Type II diabetes with earlier age at onset of diabetes and with characteristics of the metabolic syndrome.
